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Introduction I n Caucasian patients with Helicobacter pylori (H. pylori) positive gastric ulcers (GU) (1) (2) (3) (4) and duodenal ulcers (DU), (5) (6) (7) (8) (9) ulcer healing rates with eradication therapy alone are in no way inferior to those achieved with proton pump inhibitor (PPI) monotherapy, and a consensus has been reached that additional treatment with a PPI following eradication therapy is unnecessary. However, it is evident to heal only about half the number of Japanese patients with GU by H. pylori eradication therapy alone. (10) In addition, these patients also need the additional medication therapy such as PPI, the histamine H2-receptor antagonist (H2RA), or the gastroprotective drug (GP) after H. pylori eradication therapy. (11) (12) (13) (14) Among these three kinds of drugs, we expect that each power of healing may be different even if after H. pylori eradication therapy.
Teprenone is one of GPs and is used at the second high frequency in Japan. However, teprenone-related manuscripts have never previously published after H. pylori eradication therapy. PPI is ranked as the standard antiulcer treatment following H. pylori eradication therapy in Japan. In general, PPIs are extremely useful drugs that heal ulcers through powerful suppression of gastric acid secretion, but they are also expensive. In addition, because there are recent reports of an increased risk of community-acquired pneumonia with suppression of gastric acid secretion, (15, 16) an increased risks of bone fracture with long-term PPI use, (17) and a decreased antiplatelet effect of clopidogrel due to concomitant therapy with PPI. (18) We may need to consider the use of the treatment other than PPIs. There is no report to compare healing rates of ulcers between PPI and GP following H. pylori eradication therapy in Japanese patients with H. pylori positive GU. In the present study, we conducted a comparative study of the PPI rabeprazole and the GP teprenone as the treatment for GU following the eradication therapy.
On the other hand, it is unclear whether one-week H. pylori eradication therapy is insufficient to heal active DU like GU in Japanese patients since there is no report which examined healing rates by H. pylori eradication therapy alone in the Japanese patients with H. pylori positive DU. We also conducted the comparative study for Japanese patients with H. pylori positive DU between H. pylori eradication therapy alone and H. pylori eradication therapy + PPI.
Patients and Methods
Patients. The subjects of this study were 174 H. pylori positive patients with active peptic ulcers who presented to the Osaka Medical College Hospital and its affiliated hospitals between April 2008 and April 2009 with symptoms of epigastric discomfort or pain. GU or DU was diagnosed at esophagogastroduodenoscopy (EGD), and H. pylori positive status was confirmed using the rapid urease test (RUT: Pyloritech, Sakura Finetek, Tokyo, Japan). Both GU and DU were defined as open ulcers of ≥5 mm in diameter with a clear demarcation between the lesion and normal mucosa. Ulcer sizes were measured using an endoscopic ruler (M2-4K, Olympus, Tokyo, Japan).
Potential subjects were excluded if they were aged <18 years, regular used nonsteroidal anti-inflammatory drugs (NSAIDs) or corticosteroids, had taken antimicrobials within the previous 1 month period, or had a history of gastric surgery or H. pylori eradication therapy. Potential subjects with exposed blood vessels in the base of the ulcer, or clots adherent to the ulcer floor, were also excluded.
Study design. Subjects with GU or DU on EGD, and H. pylori positive by RUT, were assigned to 1 of 3 groups in the GU study I or DU study according to ulcer size as measured in the abovementioned manner, i.e. small (5~<10 mm), medium (10~<15 mm), and large (≥15 mm). Osaka Medical College provided the envelope that filled in the treatment group based on the computergenerated randomization list to each center which conducted the study according to number of target subjects. Number of target subjects in each center was multiples of four. Subjects were randomly assigned in 1:1 proportion, using the computer-generated randomization list received eradication therapy + PPI or eradication therapy + GP for 8 weeks in the GU study, and eradication therapy + PPI or eradication therapy only for 6 weeks in the DU study ( Fig. 1 and 2 ). Both ulcer size (diameter) and depth were considered to be factors that affect healing, but due to difficulties in measuring ulcer depth, we chose ulcer size as the major criterion for classification of lesions in this study as previous reports. (10, 13, 14) Subjects and treating physicians, but not endoscopists, were informed of the allocated treatment. We explained to subjects the benefits of treatment and the importance of compliance. The situation of taking the eradication therapy, PPI, and GP was filled in on the diary, and collected it. Written consent was obtained from all subjects before enrolment, and approval for this study was obtained from the Osaka Medical College Hospital Ethical Committee.
GU study. Subjects with GU were randomly allocated to an eradication therapy + PPI group, administered eradication therapy (Rabeprazole 10 mg + Amoxycillin 750 mg + Clarithromycin 200 mg bid for 7 days) commencing the day after EGD, followed by 7 weeks of a PPI (rabeprazole 10 mg/day), or an eradication therapy + GP group, administered eradication therapy followed by 7 weeks of a GP (teprenone 150 mg/day). Ulcer healing rates were evaluated at 8 weeks after study commencement (Fig. 1) . Ulcer healing was defined as the status that moved to the scarring stage. We determined the sample size according to the past reports. A two group χ 2 test with a 0.05 two-sided significance level will have 90% power to detect the difference between healing rate of H. pylori eradication therapy plus PPI (94.0%) (4) and that of H. pylori eradication therapy plus GP (70.1%) (11) when the sample size in each group is 53. Therefore, we assumed 60 subjects as one group in consideration of the dropout subjects. DU study. Subjects with DU were randomly allocated to an eradication therapy + PPI group, administered eradication therapy commencing the day after EGD, followed by 5 weeks of a PPI (rabeprazole 10 mg/day), or an eradication therapy only group administered eradication therapy alone. Ulcer healing rates were evaluated at 6 weeks after study commencement (Fig. 2) . Ulcer healing was defined as the status that moved to the scarring stage.
We determined the sample size according to the past reports. A two group χ 2 test with a 0.05 two-sided significance level will have 90% power to detect the difference between healing rate of H. pylori eradication therapy plus PPI (92.0%) (9) and that of H. pylori eradication therapy alone (49.0%) (10) when the sample size in each group is 22. Therefore, we assumed 30 subjects as one group in consideration of the dropout subjects.
Subject follow up. All subjects underwent repeat EGD to assess ulcer healing at 8 weeks after randomization in the GU study, and 6 weeks after randomization in the DU study. Subject compliance with medications was confirmed at each outpatient attendance. The success or failure of eradication therapy was assessed using 13 C-urea breath test (UBT) at 12 weeks after study commencement in GU study, and 10 weeks after study commencement in DU study.
Statistical analyses. Comparisons of the proportion of subjects with healed ulcers were made using the χ 2 test, with Yates' correction for continuity (Stat View J-4.5, Macintosh, Abacus Concepts, Inc., Berkeley, CA). Differences with a p value <0.05 were considered significant. Intention-to treat (ITT) analysis was conducted with all enrolled subjects, and per protocol (PP) analysis with subjects who took ≥80% of the test drugs, and underwent follow-up EGD.
Results
GU study. We enrolled 115 H. pylori positive patients with GU. The eradication therapy + PPI group comprised 60 subjects, Fig. 1 . Protocol for gastric ulcer arm. Subjects with GU were randomly allocated to an eradication therapy + PPI group, administered eradication therapy commencing the day after EGD, followed by 7 weeks of a PPI, or an eradication therapy + GP group, administered eradication therapy followed by 7 weeks of a GP.
and 55 (Fig. 3) . The number of subjects is not same due to the accidental dispersion of each center in total. Compliance with eradication therapy, PPI, and GP was generally good. We confirmed all subjects except dropping out had taken more than 75% in all medications. No significant differences were seen between groups in terms of age, gender, smoking or alcohol consumption, history of peptic ulcer, or ulcer site or size (Table 1) . Five subjects in the eradication therapy + PPI group and 4 in the eradication therapy + GP group were withdrawn due to inability to undergo repeat EGD. No subjects were lost to followup because of exacerbation of symptoms. A total of 106 subjects (55 in the eradication therapy + PPI group and 51 in the eradication therapy + GP group) completed this study.
H. pylori eradication rates were 77% (46/60) in the eradication therapy + PPI group (ITT: 95%CI 64-87%), and 67% (34/55) in the eradication therapy + GP group (ITT: 95%CI 53-79%), with no significant difference seen between groups (p = 0.261) ( Table 2) .
GU healing rates after 8 weeks' treatment were 80% (48/60) (ITT: 95%CI 68-89%) in the eradication therapy + PPI group, and 62% (34/55) (ITT: 95%CI 48-75%) in the eradication therapy + GP group, with a significant difference between groups (p = 0.031) ( Table 2) .
Healing rates for small ulcers of 5~<10 mm in diameter were 82% (9/11) (ITT: 95%CI 48-98%) in the eradication therapy + PPI group, and 82% (14/17) (ITT: 95%CI 57-96%) in the eradication therapy + GP group, with no significant difference seen between groups (p = 0.971). Healing rates for medium ulcers of 10~<15 mm in diameter were 69% (11/16) (ITT: 95%CI 41-89%) in the eradication therapy + PPI group, and 67% (10/15) (ITT: 95%CI 38-88%) in the eradication therapy + GP group, with no significant difference seen between groups (p = 0.901).
However, healing rates for large ulcers of ≥15 mm in diameter were 85% (28/35) (ITT: 95%CI 68-95%) in the eradication therapy + PPI group, significantly greater than that of 43% (10/23) (ITT: 95%CI 23-66%) in the eradication therapy + GP group (p = 0.001) ( Table 3) .
Healing rates according to success and failure of eradication were 85% (39/46) (PP: 95%CI 71-94%) and 100% (9/9) (PP: 95%CI 66-100%) in the eradication therapy + PPI group, with no significant difference seen between groups (p = 0.210). Healing rates according to success and failure of eradication were 70% (26/37) (PP: 95%CI 53-84%) and 57% (8/14) (PP: 95%CI 29-82%) in the eradication therapy + GP group, with no significant difference seen between groups (p = 0.375). Healing rates according to the ulcer position (antrum, angulus, corpus) were 100% (3/3) (PP: 95%CI 29-100%), 86% (24/28) (PP: 95%CI 67-96%), 88% (21/24) (PP: 95%CI 68-97%) in the eradication therapy + PPI group, and 50% (3/6) (PP: 95%CI 12-88%), 68% (15/22) (PP: 95%CI 45-86%), 70% (16/23) (PP: 95%CI 47-87%) in the eradication therapy + GP group, respectively. Most ulcers were existed in angulus and corpus. There was no significant difference at healing rates according to the ulcer position in the eradication therapy + PPI and the eradication therapy + GP group. DU study. We enrolled 78 H. pylori positive patients with DU. The eradication therapy + PPI group comprised 40 subjects, and the eradication therapy only group 38 (Fig. 3) . The number of subjects is not same due to the accidental dispersion of each center in total. Compliance with eradication therapy and PPI was generally good. We confirmed all subjects except dropping out had taken more than 75% in all medications. No significant differences were seen between groups in terms of age, gender, smoking or alcohol consumption, history of peptic ulcer, or ulcer site or size (Table 1) . Two subjects in the eradication therapy + PPI group and 3 in the eradication therapy only group were withdrawn due to inability to undergo repeat EGD. No subjects were lost to follow-up because of exacerbation of symptoms. A total of 73 subjects (38 in the eradication therapy + PPI group and 35 in the eradication therapy only group) completed this study.
H. pylori eradication rates were 68% (27/40) in the eradication therapy + PPI group (ITT: 95%CI 50-81%), and 76% (29/38) in the eradication therapy only group (ITT: 95%CI 60-89%), with no significant difference seen between groups (p = 0.387) ( Table 4) .
DU healing rates after 6 weeks' treatment were 93% (37/40) in Fig. 2 . Protocol for duodenal ulcer arm. Subjects with DU were randomly allocated to an eradication therapy + PPI group, administered eradication therapy commencing the day after EGD, followed by 5 weeks of a PPI, or an eradication therapy only group administered eradication therapy alone. Fig. 3 . Study outline. We enrolled 115 H. pylori positive patients with GU. The eradication therapy + PPI group comprised 60 subjects, and the eradication therapy + GP group 55. We enrolled 78 H. pylori positive patients with DU. The eradication therapy + PPI group comprised 40 subjects, and the eradication therapy only group 38. Table 4) . Healing rates for small ulcers of 5~<10 mm in diameter were 92% (24/26) (ITT: 95%CI 75-99%) in the eradication therapy + PPI group, and 86% (18/21) (ITT: 95%CI 64-97%) in the eradication therapy only group, with no significant difference seen between groups (p = 0.466). Healing rates for medium ulcers of 10~<15 mm in diameter were 100% (8/8) (ITT: 95%CI 63-100%) in the eradication therapy + PPI group, and 91% (10/11) (ITT: 95%CI 59-100%) in the eradication therapy only group, again with no significant difference seen between groups (p = 0.381). Healing rates for large ulcers of ≥15 mm in diameter were 83% (5/6) (ITT: 95%CI 36-100%) in the eradication therapy + PPI group, and 83% (5/6) (ITT: 95%CI 36-100%) in the eradication therapy + GP group, once again with no significant difference seen between groups (p = 1.000) ( Table 5) .
High DU healing rates were seen for ulcers of all sizes in both eradication therapy + PPI and eradication therapy only groups, with no significant difference seen between groups.
Healing rates according to success and failure of eradication were 96% (26/27) (PP: 95%CI 81-100%) and 100% (11/11) (PP: 95%CI 71-100%) in the eradication therapy + PPI group, with no significant difference seen between groups (p = 0.589). Healing rates according to success and failure of eradication were 100% (29/29) (PP: 95%CI 88-100%) and 67% (4/6) (PP: 95%CI 22- 96%) in the eradication therapy only group, with significant difference seen between groups (p = 0.001).
Discussion
This is the first report about a comparative study of a PPI and a GP as the treatment for GU following the eradication therapy, and also about the effect of the eradication therapy on the DU healing in the Japanese patients. In the Japanese patients with H. pylori positive GU, healing rates of eradication therapy + PPI and eradication therapy + GP were similar for ulcers of <15 mm, but eradication therapy + PPI significantly accelerated healing rates than eradication therapy + GP for those of ≥15 mm. It was clarified that there was difference at healing rates according to the kind of ulcer drug used after 1 week H. pylori eradication therapy. Meanwhile, in the Japanese patients with H. pylori positive DU, healing rates of the eradication therapy only group were as high as the eradication therapy + PPI group. This result was similar to those of Caucasian patients unlike the relationship between Japanese and Caucasian patients with H. pylori positive GU.
There are some reports of different antiulcer therapies after the eradication therapy. Terano et al. (11) and Hiraishi et al. (12) conducted a double-blind, placebo-controlled trial, administering the GP rebamipide or irsogladine maleate and placebo for 7 weeks following the eradication therapy in Japanese patients with GU.
In other words, a double-blind, placebo-controlled trial has demonstrated that only about 60% of H. pylori positive GU heal in Japanese patients with the eradication therapy alone, and that not only inhibitors of gastric acid secretion, but also a GP such as rebamipide or irsogladine maleate, can be useful as post-eradication antiulcer therapy. Murakami et al. (13) also conducted a study comparing the GP irsogladine maleate and the H2RA famotidine, finding no significant difference in ulcer healing rates (PP: 85.2% (46/54) vs 79.6% (43/54), p = 0.448), and no differences in healing rates stratified for ulcer size. Of great interest is the sub-analysis showing higher healing rates of the irsogladine group than those of the famotidine group in subjects who drink alcohol and smoke. This suggests the possibility that some GPs may possess different ulcer healing properties not present in inhibitors of gastric acid secretion.
We then conducted a trial comparing the GP sofalcone and the H2RA cimetidine as post-eradication antiulcer therapy. We found no significant difference in ulcer healing rates 7 weeks after eradication therapy (PP: 71.9% (23/32) vs 71.0% (22/31), p>0.05). (14) Although this study was of H. pylori positive GU ≥10 mm in size, similar healing rates were seen with a GP and an H2RA.
The above studies have demonstrated that GPs, although as monotherapy without eradication therapy their healing rates are inferior to those achieved with inhibitors of gastric acid secretion, if therapy follows eradication therapy, similar healing rates can be achieved with certain subtypes of GPs as with inhibitors of gastric acid secretion.
Our results showed that no significant difference was seen in healing rates between the group administered the PPI rabeprazole and the group administered the GP teprenone for 7 weeks for ulcers <15 mm in size following the eradication therapy in patients with GU. However, healing rates were significantly greater in the PPI group than that in the GP group for ulcers ≥15 mm in size. For ulcers ≥15 mm in size, there may be differences in healing rates among various GPs. We should confirm this point in future studies.
As for the limitation of GU study, we did not have the eradication therapy only group. It is unknown whether healing rates of PPI and GP groups are significantly high compared with the placebo group. However, it is evident to heal only about half the number of Japanese patients with GU by H. pylori eradication therapy from the past report, (10) and it is ethically a problem to use the placebo. Therefore, we compared the PPI group with the GP group.
As for the limitation of DU study, the healing rate of the eradication therapy only group was higher than that of our expectation. In addition, because healing rates of patients who failed eradication were significantly lower, we need to treat a PPI in consideration of the ulcer healing in patients by eradication therapy alone. In these respects, randomized double blind study with more large sample size would be conducted to compare healing rates of the eradication therapy only group with those of the eradication therapy + PPI group.
In conclusion, in H. pylori positive Japanese patients with GU, as post-eradication antiulcer therapy a PPI rabeprazole and a GP teprenone yield similar healing rates for ulcers <15 mm in size. For GU ≥15 mm, healing rates are lower with teprenone than with rabeprazole. In H. pylori positive Japanese patients with DU, it is now clear that eradication therapy alone is sufficient to achieve healing. Based on these results, we recommend tailored therapy considering the ulcer site and size, comprising eradication therapy alone for H. pylori positive GU <10 mm in size, and on a case-bycase basis further treatment with PPI, H2RA or GP for GU ≥10 mm in size, and we would like Japanese primary physicians to consider the treatment option. For H. pylori positive DU, eradication therapy alone should be the standard antiulcer therapy regardless of the ulcer size. However, it is unclear whether or not administer a PPI following eradication therapy in consideration of failure of eradication since healing rates of patients who failed eradication were significantly lower.
